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(54) Drug eiuting stent 

(57) A drug eluting intravascular stent comprising: 

(a) a generally cylindrical stent body; 

(b) a solid composite of a polymer and a therapeutic 
substance in an adherent layer on the stent body; 
and 

(c) fibrin in an adherent layer on the cornposita 



This may be prepared by the steps of: 

(a) providing a generally cylindrical stent body; 

(b) forming on said stent body a layer of a solid com- 
posite of potymer and therapeutic substance; and 

(c) forming over said composite a layer ot fibrin. 
Such stents may be used in combatting restenosis. 
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This hvention relates totrie use otd^ 
having anti-thrombosis and antj-restenosis properties and their production, 
s Restenosis is the rectosure of a peripheral or coronary artery tallowing trauma to that artery caused by efforts to 

open a stenosed portion* the arter^^ 

of the artery. For these angioplasty procedures, restenosis oocurs at a rate of ab^ 

vessel locatkxi, lestan length end a number 

a natural healing reaction to the injury c< the arterial waM that » caused 

10 begjnsvwmthethrorrfcciucn 

can be iiumaJ hyperplasia, t» uncontrolled migration and proliferation of medial smooth muscie cads, combined with 

their extracetfular matrix production, until the artery is again stenosed or occluded. 

In an attempt to prevent restenosis. metaJfc intravascular stents have been permanently vrptonted in coronary or 
per^heraJ vessels. The stent is typicaJry inserted by catto^ 

is diseased portion of the arterial wal. thereby providing mechanical support for the lumen. However. ft has been found 
that restenosis can suit occur with such stents in place. Also, the stent Use* can cause undesirable local th i crnbosis. To 
address the problem of thrombosis, persons receiving stents ateo receive extensive systemic treatment with anticoag- 
ulant and antiplatelet drugs. ^ 

To address the restenosis problem, i has been proposed to provide stents which are seeded with enctothefiai ce* 

20 (see Dfcbek et al.. Circulation 80: 1347-1353 (1989)). As reported by Dichefc et at, sheep endotheSei eels that had 
undergone retrovirus-rnedfeted gene transfer for either bacterial beta-galactoeidase or human Ussue-type plasmeiogen 
activator were seeded onto stainless steel stents and grown until the stents were w 
to be delvered to the vase ular wal where triey couW 

substances to the vascular wal by means of stents have also been proposed, eg. in internationai patent apctcations 
25 WO 91/1 2779 and WO 9071 3332. In those applications, it is suggested that antiplatelet agents, anticoagulant agents, 
antimicrobial agents, anti-Ntarnmatory agents. antimetaboTc agents and other drugs could be suppled In stents to 
reduce lie incidence of restenosis. Furthermore, other vasoreactive agents such as nitric oxide releasing agents could 
also be used. 

In the vascular graft art. ft has been m*ed that fibnn can be used 
30 in an article by Soldam et al, 'KcertWci^ 

and CoDagen* International Journal of Artrf^ No 5. 1991,poryurethaneiscomb^ 

and cross-Inked wfth thrombri «J then mads into vascular grafts. In vivo tests of the vascular grafts reported in the 
SoUani et ai. article inrjeated fiat the fibrin tadWated tissue ingrowth and was rapWry degraded and reabsorbed. Ateo 
^ EP-A-356S64(TerurnoKabushWta 
00 * HficialWernalc*c^wh^ 

m bogenic and tissue cc*npafib*e and rxomotes the uniform propagation of eels lhat regenerate the irtima. Also, in an 

(f) artkUebyGusaetat.T^ewBwteedPoly^ 

—J i, 1936. -btaized* polymers were made. by mixing synthetic polymers with fibrinogen and crces-IWung them wWr 

. tarombin to irnprove tissue irigrowth and neointima formation as the fibrin Wodegrades. Also, in an article by Haverich 

40 et al. "Evaluation of Ffcrin Seal in Animal Experiments', Thoracic Cardiovascular Surgeon. Vol. 30. No. 4. pp. 21 5-22. 
1982. the authors report the successful sealing of vascular grafts wfth fibrin. In EP-A-566245 (conesponding to USSN 
^ 06OT9222)rt istfsciceedthatttepro 

r— However, it would be desirable to provide a fft>m-based stent in which the stent also has a drug defrvery capability that 

^> vrould alow oVugs to be covered localy to Uies<^ 

00 45 the Wood vessel in the initial stages of restenosis and thereby prevent or limit restenosis. 

J — Anfctralurrwialsterlcomprx^ 

m /fcrin is a naturaly occurring bioabsorbable polymer of Hbrinogen that arises Awing blood coagulation. As set forth 

above, r^rovidsig fibrin at the site 
O in a natural manner w»i the bod/shea«ngme^ 

O 50 restenosis. Local acMrwstrati™ 

-Q A significant problem ti this regard however is how to provide a therapeuticaly useful amount of a substance in a 

^ relatively smal fibrin stent. 

^ Htesrww been touridtutf this rrw^^ 

byprovid»Tginthestentbc<Va^ 
55 with a second layer siclucfcigf^ 

Thus viewed from one aspect the invention provides a drug efcrting intravascular stent exxrprtsing; (a) a generally 
cylixJrical stent body; (b) a solid rxm^ 
body; and (c) fibrin in an adherent layer on the composite. 
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Viewed from a further aspect, the invention also provides a method of producing such a stent, said method com- 
prising the steps of: (a) providing a generaly cylindrical stent body; (b) forming on said stent body a layer of a solid 
composite of polymer and therapeutic substance; and (c) teaming over said composite a layer of fibrin. 

The stent body of the stent of the invention may have many configurations and the generaly cyJtodrical shape is 
such that it is adapted for positioning within a body lumen. 

In one emborJment of the invention, a solution which includes a solvent a polymer dissolved to the solvent and a 
therapeutic drug dispersed in the solvent is applied to the striictiiral elements of the ste^ 

orated. Fibrin can. then be added over the coated structural elements. The inclusion of a polymer to intimate contact with 
a drug on the underlying stent structure afiows the oVug to be retained on the stent in a re^ 
of the stent and also stows the administration of drug lotowingimp^^ 

has a metaflic or polymeric surface. The method is also an extremely simple method since it can be appfed by simply 
immersing the stent into the solution or by spraying the solution onto the stent The amount of drug to be included on 
inestert can be readily control 

The overall coating should be thin enough so that I wifl not significantly increase the profile of the stent tor intravascular 
delivery by catheter. It is therefore preferably less than about 50.8 urn (0.002 inch) thick and most preferably less than 
25.4 urn (0.001 inch) thick. The adhesion of the coating and the rate at which the ctoig is ctofiveredcro 
the selection of an appropriate btoabsorbable or biostable porymer and by the ratio of drug to polymer to the solution. 
By this method, drugs such as glucocorticoids (e.g. dexamethasone, betamethasone), heparin, hinxtto. tocopherol, 
angiopeptto, aspirin. ACE tohtoitors. growth factors, oligonucleotides, and, more generally, antiptateiet agents, antico- 
agulant agents, antimitotic agents, antioxidants, antimetabolite agents, and antiinflammatory agents can be appied to 
a stent, retained on a stent during expansion of the stem and ekite the drug at a controfled rate. The release rate can 
be further controlledby varying the ratio of drug to polymer in the muftple layers. 

In another embodiment of the invention, the polymer in the first layer is ftorto. The coating of porymer and drug on 
the stent is achieved by forming a first fibrin layer on the stent body by applying fibrinogen and thrombto to the stent; 
while the fibrin layer is polymerizing, applying a layer of a therapeutic substance to the potymeriztog fibrin layer; and 
overcoating me therapeutic sub* 

be Dispersed in a solution of fibrinogen which is applied to a stent body and thrombin can then be added in better to 
effect polymerization of the fibrinogen and to provide a fibrin matrix to contain the therapeutic substance. Accorclng to 
this method the amount of therapeutc substance to be dsfrvere^ 
layers of fibrin and therapeutic substance. 
F^»ana!uraflyccci*ringpo^ 

Blood coagulation generafly requires the participation of several plasma protein coagulation factors: factors XII. XI, 
IX X, VIII. VII, V, XM, prothrombto, and fibrinogen, to addition to tissue factor (factor III), kaffikreto. high molecular weight 
ktoinogeaCa^andphospf^^ 

by the action of thrombto on ftortoogea Ftorinogen has three pairs of polypeptide chains (ALPHA 2 - BETA 2 - GAMMA 
2) covatently finked by disulfide bonds with a total molecular weight of about 340000. Fibrinogen is converted to fibrin 
through proteolysis by thrombto. An activation peptide, fibrinopeptide A (human) is cleaved from the amtoo-termtous Of 
each ALPHA chain; fibrinopeptide B (human) from the amtoo^ermtous of each BETA chato. The resuttog monomer 
spontaneously polymerizes to a fibrto gel Further sta^ 

form, requires cross-Inking by factor XIII. Factor XIII is converted to XUIa by thrombto to the presence of Ca** XJIIa 
crosslinks the GAMMA chains of ftorto by transglutaminase activity, forming EPSJLON - (GAMMA -glutamyl) lysine 
crosslinks. The ALPHA chains of fibrin also may be secondary cross-finked by transamidatJori. 

Stocefibrto blood clots are naturally subject to ftortoolysis as p^ implanted ftorto 

can be rapid* biooegrarie^ surface of the fibrin 

polymer. The adsorbed plasminogen is converted to plasmin by pJasmtoooen activator released from the vascular en- 
dothelium. The plasmin wil then break down the fibrin toto a collection of soluble peptide fragments. 
• Methods tor making fbrin and forming it into implantable devices are weB known, as described to the toflowtog patent 
publications. In US-A-4540736 (Muter et at), fibrin a clotted by contacting fibrinogen with a ftorinogerwxxagulating 
protein such as thrombin, reptBase or ancrod. Preferably, the ftorin to the fibrin-contatotog stent of the present invention 
has Factor XIII and calcium present during dotting, as described to US-A-3523807 (Gerendas), or as described to 
EP-A-366564. to order to improve the mechanical properties and txoetabtfty of the top tented device. Also preferably, 
the fibrinogen and thrcmbto used to make fibrin in the present invention are from the se/ne anim^ or human species as 
that to which the stent of the present invention w» be implanted to order to avoid cross-species immune reactions. The 
resulting fibrin can also be subjected to heat treatment at about 150* C for 2 hours to order to reduce or eliminate anti- 
genicity, in US-A-4548736 (Mutter et al) the fibrin product is to the form of a fine fibrin fikn produced by casting the 
combined fibrinogen and thrombto to a Hm and then removing moisture from the am osmodcaly through a moisture 
permeable membrane. In EP-A-366564, a substrate (preferably having high porosity or high affinity for either thrombto 
or fibrinogen) is contacted with a fibrinogen solution and with a thrombin solution. The result b a ftorto layer formed by 
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Mlymerizeito^ 

a «>rin layer of any Awired mickn^ 

into a powder which is mixed with watow and stamped into a desi^ 
also be achieve in the shaped fibrin by corrfactirig therewithal^ 
These and other methods known by those sttled in the art tor mal^ 



PreferabV. the ftoriiop^ used to mak^ 
in US-A-4540573 (Neurath el al). The fibrinogen is used in solution witi a coricertrato 
with a pH of 5^9.0 arid with an icflic strer^ 
to and enzymes such as aJburnin. «*onecta 

fibrincW). The thrombin soltJtav added tomato^ 

a preferred concentration of calcium ions between 0.02 and 0.2 M. 

Preferably the c*agulat*9 ettect ^ 
ts ptoyingitinthestentofthepresem 

inptentatioa This can be accorr^fehed. for example, by treating the fibrin with irreversWe ^^/^^^ 
pounds or heat after prtymerization. For example, hirudin or C>*heriylBlBnyH>r^ cnloromea^Keione 
(PPACK) could be usedL Anti-coagulants such as heparin can also be added to rsotee the possSriely of further coagu- 
lation. To ensure the effectiveness of tie treatment with coagulation inhibitor or antHX»gutant it may be desirable to 
20 apply such materials within 30 minutes before implantation of the device. 

Porynwicrrater^ 

desired properties of fibrin with improved structural strength. For example, the poryurethane matenal <*«rtoedin ■» 
article by SoWani et al., -BioartificiBi Polymeric Materials Obtained from Blends of Synthetic Polymers with Ftonn and 
Collagen- in International Journal of Artificial Organs, vol. 1 4. No. 5. 1 991 . could be sprayed onto a suitable stent etruc- 
2S tureSuitablerxrymersccHjW 

ate. rjoryhyctarybuiyra^ . _ 

>uZmeste>itcouWbemaaewithaporous 
material could be mao^^ 

as rrM^2-pyrrc*done; mixing into the resulting poryurethane solution a crystaKne. partoJtele material 
» sugar tim is not soluble in the soh^ 

second solvent, such as water, to cfesorve and remove the particulate material, thereby leaving a porous • ho *\™ 
porais sheet cc^thenber>lac^ 

of a solution of thrombti and ftmriocan to the surface of the sheet to 
eurfaca of tie sheet and me rjores of sheet ^ 

* ffenrwgenappfiedtothe sheet is recewed into the pores. ^ f . . 

— , The shape tor the «>rin can r^prcvx^ 

S naving essenfiatV the sarneW 

nl stent cSsctosed in VVfclor which is w^ 

\Jj open-ended tubular shape 

H « inUS-/MS4873B(Mtileretat).ao^«>rhe^^ 

> delivery <* drugs to a patient. Such a fibrin composition can also be used in th* present rrvention by ncorporatng ■ 
^ ttojg or c«*» therapeutic substance useM in d»gr»siB or tteatm^ 

^ Tr»dnjrj,«OTiandslenl<»nai*nbecleliye^ 
^ to iflect the «wrse of restenosis h«un©^^ 

C « treatment at restenosis are disclosed * international patent appfcatbn WO 91/12779. UmM ^*?~*™!* 
> restenosis anddrugslhalew be ir«rpor*^^ 

CD anticoagulant drugs, antiplatelet drugs, irtimetaboete drugs, anti-inflammatory drug* and antimtotic drug*. Further. 

T~ ^e^orsac^agenri I^as nitric o*id. retea^g agent, could ato be t-ed. Such IherapeUic **«b™<»» 

m atoberrscrr^ncapsUatedpriwto 

^ so merapeuticsi*sta«»isprovirJedto 

O therapeutic subst^ and Om* the rate ol<Je^ 

"0 «* be made by arreting tttapH of trie 

-< (eg.NaCI,Caa*tc.),acldingth*r™crocap«ute«,tr*att^ 

« (he resuttig ftom into a th* «ra Tl» mtaocapwJea ^ »* 

exarrpte^rrw^arxJtec*™^ 1^-46751^1^*2025; 
US-A-4389330; US-A-4622244, US-A-4484317; and US-A-4943449 could be used. AIama»rel|r. n a method srmter 
to that disclosed in US-A-4548736 (Muter et al), a dense fibrin composition suitable tor drug delivery can be mad* 
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without the use of microcapsules by adding the drug directly to the ftorin foltowed by compression of the fibrin hto a 
sufficiently dense matrix that a desired elution rate for the orug is achieved. In yet another method tor incorporating 
drugs which allows the drug to etute at a controlled rate, a solution which includes a solvent, a polymer dissolved h the 
solvent and a therapeutic drug dispersed in the solvent is applied to the structural elements of the stent and then the 
solvent is evaporated. Fforin can then be added over the coated structural elements in an adherent layer. The inclusion 
otapcrfynwinirtirnmecont^ 

tn a resilient matrix during expansion of the stent and also slows the administration of drug following implantation. The 
method can be applied whether to 

method since it can be applied by sinriply irr^rsing the stent into 

The ajTcunt of c^ to concluded on the sterit can be readly controlled by apply ing muttiple thin coats of the soliition 
white allowwig it to dry between coats. The overall coating should be thh enough so that ft wiHnrt sic/iificant!y hcrease 
the prone of the stent for intravascular delivery by catheter. It is therefore preferably toss than about 508 urn (0 002 
inch) thck and most preferably less than 25.4 urn (0.001 inch) thick. The adhesion of the coating and the rate at which 
the drug is delivered can be controlled by the selection of an appropriate bioabsorbabte or biostable polymer and by the 
ratwtfdrugtorjoryrmerinthes^ 

asone). heparin, hirudin, tocopherol, angjopeptin, aspirin. ACE inhibitors, growth factors, oligonucieotides. and. more 
generaBy. antiplatelet agents, anticoagulant agents, antimitotic agents, antioxidants, antimetabolite agents, and antMn- 
narroriatoryageniecanbeappUedto 

controted rate. The release rate can be further controlled by varying the ratio of drug to polymer in the muliple layers 
For example, a higher drug^wrymer ratio in the outer layers than in the inner layers would result in a higher early 
dose which would decrease over time. Examples of some suitable conbtnations of polymer, solve* am* therapeutic 
substance are set forth in Table 1 below. ^ 



TABLE 1 



POLYMER 


SOLVENT 


THERAPEUTIC 
SUBSTANCE 


poly(L-tactic acid) 
poMbctic acid<x>^ycolic add) 
polyether urethane 
silicone adhesive 

pory(hyoVoxybutyrate-<XHhyaroxyvalefate) 


chloroform 
acetone 

N-methyf pynofidone 
xylene 

cfchtoromethane 


dexamethasone 
dexamethasone 
tocopherol (vitamin E) 
dexamethasone phosphate 
aspirin 



acid), poly(lact)be-co-g(yco(ide) and poly (hydraxybutyrate-co-vatefao). Suitable biostable polymers ndude sOcones 
esto ' 8 ' bomo P°^ m8re and copolymers, acrytaie homopolymers and copolymers, poiyethers 
and catubscs. A typs»l ratio oldrug to dssolved polymer in the solution can vary widely (e.g. * the range oHOM to 
WThe fibrin is appiod by mckSng a potation mixture of fibnnogenand mrombin onto .he imposto £ 

InarwtherernbooWitoftrieirrv^ 
fibrin layer on the stent body which incorporates the therapeutic substance and then applying a second layer of fibrin. 
Oneway this nriay be acccrrxtfsh^ vihile tlie layer Is potym- 

enznft apprying a layer of a merapeutic subs^ 

substance a/rf frbrin with a second fibrin layer. According to this method the amount of therapeutic substance to be 

delivered by the stent can be controlled by employing mutipte layers c< fibrin and therapeutic substance. For example 

to rcorporate **amethasoru> irito a st^ 

then wetted wtth a thrombin «c4ution(e.* 12WH w 

while the surface « stil tacly. apply a lo^ 

acccniplshedbyanynijrr^ 

at room temperalum. the dexamethasone^ 

be accornpfehed n a mold as oescribed below. In yet ariomer way 

a water Aspersibte (or soluble) therapeutic substance is dispersed in the fbrinogen solution and this solution is appfied 
to a stent body. Trvombin is added to polymerize the fibririogen on the stent body and thereby produce a fibrin with a 
therapeutc substance iricorpoiBts^ 
coating. 

The term 'stent' herein means any device which when placed into coritact wl* a site h to 
treated, will also place fibrin at the fcimen wai and retain it at the lumen wall This can hctude especially devices delivered 



EP0 701 802A1 



percutaneous* to treat coronary artr^y ccclustons and to seal cSssec*™ ^^Zl^^V^t 
^H^! ye^g. The start can ateo have underlying polymanc or J^^,?^ 
aXdortr»stertc»beacornpostedfi^ 

s^has mat dtectosed in US-^4886082 (WMor) «*itd be coaled w*h ^^J^^^^nrTf^l 
(i.e. polymerization d fibrin co me metal framed by application d a libnnogen ***^?%^«J*™ 
oeo^wtetirw protein) or p««ridedw* an attach 

ac^tfiVn as set forth in U^A-4S48736 (Mutter et aL)). The stent and ftorin couid then b.plac«^. 
batoon at a ctetat end ot a battoon catheter and delivered by corventonal percutaneous means (e.g. as '"f"*"?*^ 
procedure) to the site ol the restriction or closure to be treaded tehera it woutfJ then ^^^^^^^^^^^J^^^^ 
b^^ty^ng the oaflcov The catheter can the^ 

treatment and also a structure supporting the secure placement ot fibrin <^**~ n "*. drawinas 

The invertta wil rw* be ctescrtosd Itirtt^ 
in which: 

Rg. 1 is an elevational view d a balloon catheter wtfh a metalic stent inducing a fibrin coating accordng to the 
present invention; 

Rg. 2 is an elevati^ vtew d a baloon catieter vrim a m 
invention: 

Fig. 3 is an elevational view ot a polymeric stent incorporating ftorin according to the present invention; 

Rgs. 4-ioiustrateamalhr*drnBHr*astrjtf 

a stent and rigid tube into which the stent is inserted. 

Fig. 5 is an elevational view ol the tube ot Fig. 4 into which a catheter battoon is inserted. . 

Fig. 6 is a partial sectional viewdl the tube ol Fig. S wimintAittsd stent and ca»»eter. 

Fig. 7 is a partial section* view ot fits lube ol Fig. 6 to wMr* liorto riae bean added, 

Rg 8 is a partial sectional view ol the tube ol Fig. 7 in which me tjaflc«nrias been espanrJed. 

Rg. 9 is an elevational view ol the resulting stent belrtg removed trom the tube ol Fig. a and 

Rg. 10 is an elevational view ol the completed stersntountedonlhebalomcsacameter); 

F,g,11iaatopptanviewdarnuM<av«yrn^ 

Fig. 12 is an elevational view d me mdd d Fig. 11: 

Fig 13 is an elevational view d the mdd d Fig 12 with the top rndd Italves renwved; and 
Rg. 14 is a Itowchart d a proce* lor maWr« a fibrh 

WWtetrs. description thdW^ 
'the fibrin ccettog procedures may be predated with a f*^**^^^ 00 ^*** 1°™*"* * 
rr^t»coatrtowc*scrtoedfvstwima^ 

Ftoferringtot^acccrnp^ 
10 has a batoon 15 upon which a stsnt 20 has been V^^^ xt ^ aMMM J^f^^^ 
Zfcoat^StwecTF^ 

„£a«c tralwort 34 bv aLng the «ent 30 by e.g. wrapc<ng the ^ 

tr*fi. m 32to.r»lrarn^34<L..t*^ 

,nal6^couldal*ob.,^.m«le^ 

to the site d treatment The film 32 is preferably wrapped over tto Irainework 34 wtm tdds or wn* 
the star* Xtobe reecSrv expanded into contact with the wall d the lumen to be treated. 
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application WO 91/12779 could be used in which fibrin is coated onto the stent or incorporated within the polymeric 
material of the stent A stent of this general configuration is shown in Fig. & The stent 40 has a first set of filaments 42 
which are helically wound in one direction and a second set of filaments 44 which are hefcafty wound in a second 
drection. Any or afl of these filaments 

of fibrin with another polymer may be preferred to provide improved mechanical properties and manuf act urabiity for me 
indrvidual filaments 42, 44. A suitable material for f^rirncontairung filaments 42, 44 is the crossfinked blend of poly. 
urethane and fibrin used as a vascular graft material in the article by SoJdanJ et at , -BioartificiaJ Polymeric Materials 
Obtained from Blends of Synthetic Polymers with fibrin and Cotegen* in International Journal of Artificial Organs Vbl 
14. No. 5. 1991. C^er bic«tabteor bioerodeable polymers could also be used A fibrin-comaining stent of mis configu^ 
ration can be affixed to the distal end of a catheter in a longitudinally stretched condition which causes the stent to 
decrease in diameter. The stent is then delivered through the body lumen on the catheter to the treatment site where 
the stent is released from the catheter to allow it to expand into contact with the lumen waH. A specialized device for 
deploying such a stent is disclosed in US-A-5 192297 (HuD). It writ be apparent to those skilled in the art that other 
self -expanding stent designs (such as resilient metal stent designs) could also be used with fibrin either incorporated n 
the material of the underlying structure of the stent or filmed onto the underlying structure of the stent 

A preferred method of making a stent according to the present invention is as set forth in Figs. 4-10. A stent 50 of 
the type disclosed in US-A-4886062 (WTktor) is inserted into a tube 55 which is preferably made from a rigid material 
and which has an inside diameter which is large enough to accommodate an unexpended PTCA balloon but which is 
smaller than a fully inflated PTCA balloon. A PTCA balloon 60 attached to a catheter 62 and inflation device (not shown) 
is inserted into the stent 50 and tube 55. Fibrinogen a! a pH of about 6.5. suspended n a saline solution, and thrombin 
are inserted into the tube 55 around the deflated bafloon 60 and stent 50. The amount of thrombn added is not critical 
but preferably will polymerize the fibrinogen to fibrin 65 in about 5 minutes. After polymerization, the fibrin is aflowed to 
crossfcnx tor at least an hour, preferably several hours. The baboon 60 is then inflated to compress the fibrin 65 between 
the balloon 60 and tube 55. The balloon 60 is then deflated and rerrovedfr^ 
includes the stent 50 embedded in a very thin elastic Wm of fferin 65. The fibrto 
tube 55 and washed in a buffered saline solution. 

Further processing of the fibrin stent can also be undertoken to neutralize thrombi 
anticoagulants such as heparin; to further facilitate crossfintong by incubation at body temperature in a biological buffer 
such as a solution of blood serum buffered by 4-{2-Hydroxyethyl)-l ^iperazineethaneeuffonic add (WE PES); or to add 
plasticizers such as glycerol. The resulting fibrin stent can then be placed over a bafloon, and secured onto the bafloon 
by crirnping. The stem can then be delw 
procedures. 

Preferably, heparin is incorporated into the stent prior to implantation in an amount effective to prevent or tin* 
thrombosis. For example, the fibrin stent can be immersed in a solution of heparin wrthm 10-30 minutes prior to implan- 
tation. The heparin immersion procedure can be ccrtducted in a hepann solution havng a concentration of 1000-25000 
heparin unrtsArt.lt may also be desirable to incorporate heparin to ttef^ 
ForexafTpte.afteH-theftri^ 

two hours of combining the fibrinogen and thrombin, the ffcrin is immersed h a solution of heparin. Since the fibril 
polymerization is largely complete at this point, the fibrin can be immersed in heparin solution containing up to about 
20000 units/ml of heparin without damaging the integrity of the fibrin structure. Immersion tones will depend on the 
concentration of the heparin solution and the concentration of heparin desired in the fibrh. However, preferably, h a 
solution of heparin having a concentration of 1 0000-20000 units/ml of heparin, an immersion time of 1 2-24 hours may 
be used. In yet another method for incorporation of hepar* n 
or in the initial mixture of fibrinogen andthrornbinso Icngastherattotf 

of the heparin does not lead to a weak fibrin Writ Typically, less than 50-500 units of hepann can be used h a stent 
which includes 0.003^.006 grams of fibrin, to yet another method tor txorporaUhg heparin rrto the fibrin, powdered 
Jwparin can be dusted onto the stent ctoring the pofyrnerization process at* 
be applied as a coating over the heparin 

The metal stent portion mentioned above may be eliminated to rnake a fflxii tu^ 
catheter and expanded into place in a body lumen. The absence of permanently implanted metal elements would allow 
the entire stent to biodegrade as healing is completed in the body lumen. In order to achieve sufficient structural support 
for a stent without a metal structure, it may be desirable to form supporting elements from etastin or eiastirvlibrirVcorfta- 
gervlibronectin as replacements lor the rnetal supporting eternents.H 

to the exterior of the fibrin tube irnmediately prior to placing A into the blood vessel in order to improve its adhesion to 
the vessel waft. 

In yet another method for making the fibrin stent, the fibrin can be polymerized in a muRKcavity mold such as that 
showninFigs. 11 and 12. The mold 100 is a three piece mold consisting of first and second mold halves 101, 102 and 
mold base 103. A series of pins 105-108 and screws 110-113 secure the mold pieces 101-103 together As assembled 
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the mold halves 101, 102 define live mold cavities 115a-e. Centrally located within each of the mold cavities 11Sa-e it 
a conesporiolng p«i 11 7m vmich is retained in 

air passageways !20e-e which communicate with the cavities llSa-e to alow complete filing ot the moid cavty. The 
mating surfaces are coated with a polymeric sip coating such as to pern* Ihe p 
tr»rT>c4dcav*ie*attercu^ 12after tte mold ha/ves 101. 102 have bean 

removed Wtowing the molding operation. Pins 1l7a-e are shown surrounded by the molded fferin 121e-e, 

Now referring also toFig. u, h operation, a stem 125 Is placed Wo the m^ 
such that the pfr 117a occupies Ite 
rrHjtering the fibrinogen sol^ 

to mix the solutions. For example, 0.5 ml of a «>rirwgen solution 

0.125 ml of a thrombin solution having a concentration of 12 NIH unAsAnf. The mixture 130 is then injected into the 
bottom of the cavty 115a cj! tr»e nic^ 100 to fil tr» 

aHowed to cure. With the mixture indfcated above, the curing interval should be at least two hours. Oxe the mixture 
1 30 has clotted, sterite water may be applied by spraying onto the moti 100 to preve^ 

cured, the molded preform 140 ccmprising me stent 125 and the cured mature 130 is remwed from me moid 100 by 
removng the mold base 103 and puling the rrwtoed preform 140 Irom the pin 117a. Since the pin 117 is coated w»i 
PTFE. the cur ed mixture 1 30 does not adhere to the pin 1 1 7a and the molded preform 1 40 can be removed by caret uiy 
pushing the preform from the bottom of pin 117a using a ptesuc tweezers. If required, excess fibrin can be trimmed from 
the preform 140 at this point cf trimming c^ ^ 
preform 140 can then be further crossiinked by treating tin a 

agents such as Factor Wlla. For example, tie bufer 145 could be a tns buffer w*h a pH of 7.4 with the preform 140 
immersed n the trie buffer for at least five hours. Preferably, a solution of heparin 135 is also included in the mixture 
IX. The mixture 130 with heparin 1 35 is then injected into the cavity 115a ot the mold 100 and alowed to cure. Aler- 
natrvery.jrrwmrJelelyaft 

solution. After crosrihking. the preform 1 40 undergoes an additional molding stage in a cavity of a second mold 150 in 
which pressure 155 is applied to provide the final lorm of the fibrin stent 160. For example, t*e mold can simpfy be e 
polycarbonate tube and tie preform 140 can be pieced over t>e baioon of a baicon catheter and into the tube. The 
baioon is then slowly Wlated causing the preform 140 to be pressed against the sides of the tube. The effect of the 
expansion and pressure on the «x*i is to stretch I and thin it b^ 
fibrin is such a tragiemater^ 

and also to provide a stent w*h the proper dttiensione for expanse 
140 may Nive an internal diameter of ab^ 

a 3.4 mm htemal diameter. The balloon can *en be expanded slowfy at one atmosphere increments untl a 
of about srx atmospheres is achieved. Pressure 155 is then typically maintained cntto 
moti 150 fcx a short period ott™ in orto 

atmospheres of pressure is sufficient. Upon release of pressure in the baJoon, the baioon and fibrin stent 160 can be 
withdrawn from the mold 150. If the fibrin stent 160 is to be packaged and shipped dry. it can then be dehydrated 170. 
tyweltowwnrnethrjctesuchasw 

Typcaiy, after packaging 180. the fibrin stent 1 60 8s sterifaed 1 90 by gamma or electron beam sterifcatfan. It wM be 
readMy appreciated tr«a fibrh stent wither 

Sterilization of the fibrin stent can be accornpfehed by starting with sterile, virus-free materials and manufacturing 
the device under slerie process** condWom. Tte 
standard dean room concftions and eno%ig the manufacturing process w^ 
step would expose fw packaged device 
c*mfcroorgar*smONA.ThiscM 

ray source can be eg cobaJl^ or cesium- 137. Another suitable kxmd 
packaged device configuration aiinadiationc^ 

stare or in a wet pack package where the fibrin is maintained in a 100% relative htjmidity environment unti end use. 
Ratios mentioned herein are by weight unless otherwise sr^ecifiecL 



Claims 

1. A drug eluung intravascular stent comprising: 

(a) a generaty cylindrical stent body: 

(b) a soid composite of a pofymer and a therapeutic substance in ait aotier^ 
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(c) fibrin in an adherent layer on the composite 

2. A stent as claimed h claim 1 wherein the said body has a metal surface. 

3. A slent as claimed in claim 1 wherein said stent body has a polymeric surface. 

4. A stent as claimed in any one of claims 1 to 3 wherein said solid composite comprises a plurality of layers. 

5. A stent as claimed in claim 4 wherein the ratio of therapeutic substance to polymer is not the same in afl said layers. 

6. A stent according as claimed in any one of claims 1 to 5 wherein said polymer is a bioabsorbable polymer. 

7. A stent as claimed in daim 6 wherein said polymer is selected from fibrin, pory(L-Jactic arid), potottactkto&atoxA- 
ide) and pofy(rrydroxybutyrate-co-vaierate). 

a A stent as claimed in any crotfcl^ 

9. A stent as claimed in daim 8 wherein said polymer is selected from silicones. pc^uf ethanes, polyesters, vinyl 
bomopolymers and copolymers, aery late homoporymers and copolymers, poly ethers and ceflubsics. 

10. A stent as claimed in any one of claims 1 to 9 wherein the ratb of therapeutic substance to po^ 
cort^osite is in the range of 10:1 to 1:100. 

1 1 . A stent as claimed in any one of claims 1 to 10 wherein said therapeutic substance is selected from glucocorticoids, 
heparin, hirudin, tocopherol, angtopeptin. aspirin, ACE inhbitors, growth factors. oTi*»ucfeotides, antiplatelet 
agents, anticoagulant agents, antimitotic agents, antioxidants, antimetabolite agents, and anti-hflammatory agents. 

t 

12. A method of producing a drug etuting intravascular stent, said method comprising the steps of: 

(a) provioing a generaBy cytirxfrica) stent body; 

(b) forming on said stent body a layer of a sofid composite of porymer and therapeutic substance; and 

(c) forming over said composite a layer of fibrin. 

13. A method as claimed r> daim 12 wherein said layer of sofid composite is formed by: 

(a) applying to said stent body a solution which comprises a solvent, a polymer dissolved in said solvent and 
a therapeutic substance dispersed in said solvent; and 

(b) evaporating said solvent to form a composite of polymer and therapeutic substance; 

14. A method as claimed in claim 13 wherein said solution is applied by spraying. 

1 5. A method as claimed in either of claims 1 3 and 1 4 wherein a said solution is applied in a plurality of application and 
evaporation steps. 

i 

1 6. A method as claimed, in claim 1 5 wherein the ratio of therapeutic substance to dissolved polymer In said solution is 
not the same in al of said plurality of application steps. 

17. A method as claimed b claim 1 2 wherein said layer of solid composite is formed by: 

(a) applying to said stent body a solution which includes fibrinogen; 

(b) applying thrombin to the fibrinogen on the stent body to effect polymerization of the fibrinogen; and 

(c) applying a therapeutic substance to the fibrinogen as the fibrinogen is polymerizbg 
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18. A method as claimed kt claim 12 wherein said layer of solid ccrtposite is formed by: 

(a) appty^ to said stent body a solution 

(b) applying mrorrfcki to 

19. Arr«thodasdafcnedinanyor»c<claw 

mixture of fibrinogen and thrombin onto sari composite. 
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